INTRODUCTION
A fire usually grows gradually from the smallest source of fire to a fully developed fire. Generally, when a fire grows in a building, it reaches the ceilings at a certain point and starts spreading along it horizontally. If any fire extinguishing equipment, such as a sprinkler, has been installed on the ceiling, the fire will be suppressed or extinguished by the discharge of water.
Sprinklers are very effective equipment in the case of a fire; [1] however, only limited experimental research has been conducted with respect to the burning rate when sprinkler equipment is activated. Most work in this field has made use of large-scale systems, using oxygen consumption calorimetry, which makes research difficult from the viewpoint of high experimental costs.
Furthermore, although there is extensive research with respect to fire itself, it is largely based on stationary burning, ignited by a burner or a liquid pool fire, and has not considered aspects of a fire spreading along the ceiling as a result of flame growth. [3] Given such background, to experiments in previous reports [4, 5] that measured the flame length in a growing fire based on the burning of a crib, a fire extinguishing experiment involving a free-burning fire and a sprinkler system was conducted for the purpose of estimating the flame length and burning rate along with the relation between them in cases where the fire scale varies with time.
EXPERIMENTAL SUMMARY
The free burning experiment was conducted under two different conditions. In the first, the height of the ceiling was set to 2.7 m, and the height of the crib base was initially 0 m, then changed to 0.5 m and then 1.0 m. In the other case, the height of the ceiling was set to 5 m, and the crib case was placed at 0 m (Figure 1 ).
The fire extinguishing experiment was conducted by changing the timing of the water discharge. The height of the ceiling was 2.7 m, and the crib base was placed at 0 m. The experiment made use of cribs of 6, 9 or 12 layers.
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Based on the data from the free burning experiment, water discharge was started when the heat release rate reached its maximum (Q max ), 2/3 Q max and 1/3 Q max .
Considering the flame length, the average value of the flame's upper edge point was calculated by recording the crib burning experiment with a digital video camera and extracting the frames.
The data reported in this document are the experimental results of the condition shown in Table 1 , although it also includes data from previous experiments. Figure 3 represent data for the ceiling area.
EXPERIMENTAL RESULTS

Flame length during free burning
Figure 3 Flame length and heat release rate (fire spreading area)
Although the distance from the crib base to the ceiling was changed from 0.7 to 4.3 m and the number of the layers was also changed from 6 through 9 to 12, the flame length and the heat release rate tended to be mostly the same. Based on that, under the conditions of this experiment, it was assumed that the thermal storage on the ceiling and the thermal release from the spreading flame have no influence on the flame length.
Therefore, the following regression equation was obtained as a result of the regression analysis. 548 H.SUNAHARA, T.ISHIHARA, A.KIKKAWA, M.MIZUNO, K.MATSUYAMA and M. 
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Here, L f is the flame length and Q is the heat release rate. If the order of the heat release rate is fixed at 0.4 (= 2/5) and solved for the average value of the coefficient, then Figure 5 is a comparison between the heat release rate as calculated from the weight reduction and the flame length values after applying Equation 1 from Experiment 7. From the halfway point, the heat release rate calculated from the flame length significantly differs from that calculated by using the mass reduction.
Flame length during fire extinguishing
If the deviation from the regression line shown in Figure 4 was due to the collapse of the crib center, then it would be possible to measure the heat release rate during the water discharge by applying water (water discharge of 500 kW or less in Experiment 7)
to a crib that has not yet collapsed.
In future experiments, further measurements (by discharging water at 2/3 Q max and 1/3 Q max ) will be conducted with respect to the flame length and the weight of the burned stub. Figure 5 Heat release rate calculated from the flame length (Expt.7)
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